It may be difficult to evaluate sinus bradyeardia in the elderly since sinus rates below 50 beats/min may occur normally with aging. Seven asymptomatic bradyeardic subjects (heart rates 41-51 beats/min), ages 67-79 years, with no evidence of impaired cardiac performance and taking no drugs, were compared with four age-matched controls (heart rates 60-84 beats/min). Autonomic function was tested with the Valsalva maneuver, amyl nitrite inhalation, methoxamine infusion, head-up tilt, and atropine intravenously (2 mg).
Autonomic function
Exercise response 'esponse to passive head-up tilt cerebral dysfunction, syncope, and other symptoms of diminished cardiac output or regional blood flow.'-6 Most patients reported L have been over 50-60 years of age, with resting heart rates near 40-50 beats/min. Associated cardiac rhythm and AV conduction disturbances have been frequent. Without these a decision as to whether or not sinus bradyeardia causes symptoms may be difficult, since dizziness, fatigue, weakness, exertional dyspnea and syncope can result from a variety of noncardiac disorders in the elderly, and the resting heart rate tends to diminish with age.7 This paper reports hemodynamic data obtained from seven elderly asymptomatic bradyeardic subjects during supine rest supine bicycle exercise, and during sustained increase of the heart rate by atrial pacing. Autonomic nerve function was evaluated from the response of the heart rate and blood pressure to head-up tilt, Valsalva maneuver, amyl nitrite inhalation, intravenous methoxamine, and a 2.0 mg intravenous dose of atropine. The data were compared to those obtained from a group of age-matched controls.
Methods
The bradycardic subjects were seven men, ages 67-79 years, with resting heart rates between 41 and 51 beats/min. Each had chronic sinus bradyeardia as determined from two or more electrocardiograms recorded over a 6-month . 3) , and both values were normal for the age of the subjects.7 10 Atrial pacing was successful in significantly increasing the HR in six of seven bradyeardic subjects. One (C.S.) developed second-degree AV block at a paced rate of 52 beats/min. The difference in mean paced HR between the groups was not significant. Atrial pacing significantly increased the CI of the bradyeardic group, but not in the controls ( fig. 1) . The mean paced CI in bradyeardic subjects was not significantly different from that of the control group.
The response of the HR, CI, and SI to muscular exercise is summarized in figure 2 . The CI rose to similar levels in the two groups. Although the differences between the groups for HR and SI were not statistically significant, the bradyeardic subjects tended to achieve a higher stroke output and lower HR during exercise than did the control subjects, findings similar to those at rest. Oxygen consumption increased comparably in both fig. 3 ). The bradycardic group had an exercise factor of 907 171 ml/ 100 ml and the control group, 885 + 60 ml/ 100 ml. The exercise factors compare closely to those found by Granath and associates10 in a group of normal elderly individuals. Figure 3 shows the relation of oxygen consumption to cardiac output for all subjects.
The ability of the heart to increase stroke volume during exercise while maintaining the HR constant, at a rate just above that achieved during the previous exercise period, was evaluated in four bradycardic subjects. As figure 4 shows, the increase in CI for each of the subjects was similar to that during the oxamine no significant difference in per cent of HR change existed between the groups. Figure 6 shows the response of the HR to head-up tilt in both groups of subjects. The control subjects had a significantly greater percentage increase in HR during tilt (24%) than did the bradyeardic subjects (11%). The CI decreased to similar levels in both groups during tilt. In neither group did the mean BA pressure change significantly.
Discussion
It is known that the resting HR and CO tend to diminish with age,7 but data relating to the cardiac performance of asymptomatic elderly patients with resting heart rates of 40-50 beats/min are lacking. We therefore studied seven asymptomatic elderly subjects with sinus bradycardia and compared their cardiac performance with that of a group of age-matched control subjects. Although we found bradyeardic subjects to differ from normal in several respects, they had normal cardiac performance at rest and during exercise, and had no evidence of autonomic nervous system dysfunction.
Although both groups achieved similar levels of CO during exercise the bradyeardics tended to do so by means of a higher stroke output and lower HR. This is similar to the resting hemodynamic pattern of the bradyeardics wherein they maintained a normal CO by an increased stroke output. With the HR held constant during exercise in four of the bradyeardic subjects it was found that levels of CO could be achieved that were similar to those attained when the HR was allowed to change. This ability to vary left ventricular stroke output in order to maintain a normal CO during stress tends to be lacking in patients with chronic heart disease. '2 Following the administration of atropine, bradyeardic subjects had a much greater Circulation, Volume XLVI, November 1972 absolute and percentage increase in HR. This would suggest that increased vagal tone13 was an important factor in the slow heart rates in the bradyeardic subjects. It is possible that had the exercise stress been greater the bradycardic subjects would have achieved heart rates similar to the controls, since withdrawal of vagal tone accounts in part for the increase in HR during exercise.14 Most studies 15, 16 have shown no signfficant change in CO with either atrial pacing or atropine in normal subjects. Despite apparently normal cardiac function in all subjects, we found that CO increased significantly only in bradyeardic subjects when HR was increased by atrial pacing or atropine. The explanation for this finding is not clear. It would be of interest to study the CO response to these interventions in bradyeardic athletes.
Several significant similarities existed between the bradyeardic and control groups. The resting and exercise cardiac outputs of the two groups were similar. Both groups of subjects had similar increases in CO per 100 ml increase in oxygen consumption, the exercise factor. The resting cardiac outputs were normal for the age of the subjects.7 The exercise cardiac outputs and exercise factors were in agreement with the values that Granath and his associates found in a group of similarly aged normal men performing supine bicycle exercise.10 It is thus concluded that normal cardiac performance was present in our group of bradyeardic subjects.
By the tests described in this study, no evidence of autonomic nervous system dysfunction was found in any subject. The normal responses of the BP and HR to the Valsalva maneuver and of the HR to manipulation of the BP suggests that an intact baroreceptor reflex arc was present and that sympathetic and parasympathetic pathways were also intact. 17 In addition, none of the bradyeardic subjects had clinical evidence of generalized dysfunction of the sympathetic nervous system, e.g. orthostatic hypotension, diminished sweating, or pupillary changes. Although all subjects had an increase in HR during headup tilt, the response of the HR in the bradyeardic subjects was significantly less than that of the control subjects. A diminished increase in HR during head-up tilt can be seen in patients who are in congestive heart failure."' 19 However, none of the bradycardic subjects had any evidence of impaired cardiac performance. It is possible that an increased level of vagal tone accounted for the blunted HR response to tilt in the bradyeardic subjects.
Although a significant number of our bradycardic subjects had evidence of impaired AV conduction, this was the only evidence suggestive of cardiac disease. Unlike the findings in patients with so called "sick sinus node" disease, serial electrocardiograms showed normal sinus node activity, the recovery time of sinoatrial discharge following atrial pacing was normal, and our studies showed normal left ventricular performance. Because of the patient's age, however, coronary artery disease or degenerative disease in the SA node or atrial muscle must be considered. Only by long term followup of these asymptomatic bradyeardic subjects will we learn whether their bradycardia will remain benign. There is a need for comparable studies in a symptomatic group of subjects with sinus bradyeardia, especially with regard to the effects of atrial pacing, exercise and atropine.
As shown in this report, significant degrees of sinus bradyeardia may be associated with aging. In this latter setting, increased vagal tone may be a significant contributing factor to the bradyeardia, and more importantly, normal cardiac performance can be present. Therefore, the implications and management of sinus bradycardia depend upon the setting in which it occurs.
